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A process for preparing hydroxyl derfvattves of compounds containing a carbazoie, diberaxifurane or 

dibenzothlopliene group. 

This invention generally relates to a process for preparing compounds containing the ring system s 
according to fbnmula 1 : 



s 




TO 

wherein X represents NR, 0 or S; 

R represents H, aflcyl, bsnzyl phenyl, benzhydryl. 802B\ COR\ COOR^; 
R^ represents alkyt, benzyl, phenyl* benzhydryl; 

which compounds may contain substituents such as alkyi groups, halogen atoms, nitro groups, sulfonyl 
f 5 groups, ester groups, and sugv residues; and, if desired, may contain a ring system extended by one or 
more further rings, such as compounds containing the ring system according to formulae 2-5: 




in which R? may have the same meanin^^ as R. and, if desired, quatemtzed salts thereof. As used herein, 
quatemized salts means not only the salts of organic or inorganic acids, but also the reaction products with 
a compound R *Y, in which Y represents a halogen atom and R' has the above meaning. 

The invention relates more particularty to a process tor preparing compounds having formula 8: 



2 



5 




in which R represents H. alkyl. benzyl, phenyl, benzhydryl. SOiV, COR\ COOR^; 

10 Ri represents alkyl. benzyl, phenyl, benzhydryl; 

R^ represents hydrogen, alkyl. benzyl, phenyl, benzhydryl. the group CHR^<^(CHRVA: 
represents hydrogen, alkyl, benzyl, phenyl, benzhydryl, the group CHR^^CHR^„-A; 
R6 represents hydrogen or, If R^ represents hydrogen, may aitematively represent alkyl. benzyl, phenyl, 
benzhydryl, the group CHR^^CHF^n-A; and wherein n is 0 or 1; R" represents hydrogen, alkyl or aryl: R^° 

75 represents hydrogen, alkyl. ary> or a possibly derlvatized hydroxymethyl group; A represents a possibly 
substituted hydroxyl or amino group, such as a sugar group or an N(CH2-CH2CI)2 group, and in which the 
various groups may carry further substituents. such as alkyl group8.halogen atoms, nitro groups, suffonyl 
groups, ester groups, and sugar residues. 

Among these compounds, It is especially 9-hydrQxyelliptk:tne (formula 8, RsRBsH, R^sR5= methyl) (9- 

20 HE) and its derivatives which are of Importance by reason of their anti-tumor activity. It has been found that 
the 9-hydroxy derivatives generally have a stronger anti-tumor activity than have the corresponding non- 
substituted compounds. Thus, for example, ME is forty times more active against leukaemia thai ellipticine 
itself. 

9-HE Is a known compound which can be prepared, for example, starting from 5-hydroxy-indole. This 
25 process has the disadvantage, however, that the starting material. 5-hydroxy-indoie. is difflcuit to prepare 

arid hence expensive. The next stages in the synthesis are cumbersome and have kiw yields, so that this 

route of synthesis as a whole is unattractive. 

Qouyette et al. further describe a process for the preparation of 9-HE from 9-methoxy-ellipticlne (9-ME) 

by heating 9-ME in the presence of pyridinium chtoride (Eur. J. Med. Chem-Chim. Ther., 1980, 15. 503). 
30 8-meftioxyelllpticlne Hseif, however, is prepared in a process which is also cumbersome, starting from 

5-hydroxy-indoie, so that it offers no advantages over the al3ove process. 

It may also be endeavoured to use the natural product ellipticine as the starting product and to prepare 

9-HE from this by a hy<toxylatkm reactkm. Generally speaking, however, it is difficult to Introduce a 

sut)stituent into a polycyclte system like the present one in a somewhat selective manner, that is to say. 
38 without obtaining mixtures of isomers. In C.R. Acad. Sc. Paris 281 (1975). 623-626. a process is described 

for the preparation of 9-HE by subjecting ellipticine successively to bromination, aminatton. dIazotizatkMi. 

and hydrotyzing the diazonium salt The efficiency of this extremely laborious multi-stage synthesis is 

approximately 30%. 

There is accordingly a need for a process fbr the preparation of hydroxy! derivatives of ellipticine and 
40 similar compounds containing the ring system 




^ and which process does not have the atK>ve disadvantages. 

Surprisingly it has now been found that such a process is provided by the process according to the 
present invention, which is characterized by converting a corresponding compound containing the ring 
system of formula 6 

CM 

Into a compound containing the ring system of fbmnula 7 




3 
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in which represents hydrogen or alkyl; 

converting the R^CO group into an OH group, and if desired providing the resulting compound with certain 
substituents and/or, if desired, converting It into a quatemized salt 

Preferabiy, a compound of formula 8 is prepared by converting a corresponding compound having 
6 formula 9: 



70 




R 

in which R represents H, aikyi* benzyl, phenyl, benzhydryi. SOsF(\ COR\ COOR\* 
7s R^ represents alkyl, benzyl, phenyl, benzhydryi; 

R^ represents hydrogen, allcyl, benz^, phenyl, benzhydryi; 
FP represents hydrogen, aikyl. benzyl, phenyl, benzhydryi; 

PP represents hydrogen, or. If PP represents hydrogen, may also represent alkyl. benzyl, phenyl, benz- 
hydryi; 

20 and in which the various groups may carry further substituents. such as aBcyl groups, halogen atoms, nitro 
groups, sulfonyl groups, ester groups; . 
into a compound having formula 10: 



25 




(10) 



in which R, R^ R^ and R^ have the meanings specified above, and R^ represents hydrogen or alkyl; 
converting this compound having fbmnula 10 into a compound having formula 8. in which R. R^ R^ and R^ 
have the above meanings; 

if (tesired coupfing a sugar residue to one or more of the side groups present; and/or converting one or 
more of the side groups present Into another side group; and/or fbnnlng a quatemized salt. 
Particularly preferably, there is prepared a O-hydroxy-eiliptidne derivative having formula 11 



R5 



40 




(11) 



in which R represents hydrogen or methyl; 

Rs represents methyl or the group CHRi«-(CHR^„ -A; 

n Is 0 or 1; R^ represents hydrogen, alkyl or aryl; 

RIO represents hydrogen, alkyl, aryl or a possibly derivatized hydroxymethyi group; A represents a possibly 
substituted hydroxyl or amino group, such as a sugar group or an N(CHrCH2CI)2 group by converting a 
corresponding compound, having fbrmula 1 2: 




(12) 
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in which R represents hydrogen, afkyl. benzyl, phenyl, benzhydryl. SOiW CQR\ COOH\ and 
Ri represents alkyl. benzyl, phenyl, benzhydryl; 
into a compound having fbnmula 13: 



5 



0 CH3 (13) 



70 



R Cfl3 



in which R has the above meanings and R3 represents hydrogen or alicyl; 

converting this compound having formula 13 into a compound having formula 11. in which R has the above 
75 meanings and R? represents metftyl or CHB^CHR^„-A, wherein n is 0 orl; R^ represents hydrogen, alkyl 
or aryl; represents hydrogen, alkyl, aryl or a possibly derivatlzed hydroxymethyl group; A represents a 
possibly substituted hydroxy! or amino group, such as a sugar group or an N(CH2»CH2Ci)2 group; 
if desired removing group R if it does not represent hydrogen, or. if it is not a methyl group, converting it 
into a methyl group. 

20 The first stage of the ndaction is an aromatic substitutton, in which an R^-CO group is introduced 
selectively. In this formula, R^ represents a hydrogen atom or an alkyl group. This can be effected using the 
FriedehCrafts acylation, in which an add chloride R^-COX, in which X represents a hafogen atom and R3 
represents an alkyl group^ or a carboxylic anhydride Is reacted with an aromatic compound in the presence 
of a catalyst. Suitable catalysts are Lewis adds, such as AlCia. FeCb. SnCk etc. 

2S It is also possible to use the Vilsmeyer reaction to introduce a fonmyl group. 

For this purpose the conversion is carried out with a compound having the formula HCON(R%. in which 
R" represents an alkyl group, in the presence of POCI3. The preferred solvent here Is dimethyl formamide. 
Preferably, however, an equh^ent of the Friedel Crafts acylation is used, for example, the reaction with 
HabCH-O-R^ in which hal represents a halogen, such as CI or Br and R^ represents an alkyl, benzyl or 

30 benzhydryl group. The compound dichloromethylmethyl eiher has been found fo be very suitable. 

The reaction proceeds under tfie influence of any Friedel Crafts catalyst, but preferably in the presence 
of AlCb. Any solvent suitable for carrying out a Friedel Crafts acylatfon, such as anhydrous THF, ether, 
nitrobenzene, CHbCb. etc., can be used. It Is of importance that the reaction is candied out under dry 
condltfons. preferably under an atmosphere of a dry inert gas, such as nitrogen. 

35 The reaction is carried out at a tentperaturs of -30 to +30*, preferably a temperature of about O'^C* 

In this first stage, the selectivity of the acylation is surprising, because aromatic substitution reactions 
often produce mixtures of products. Thus applicants have found that the nitration of ellipticine leads to a 
mixture of isomers. 

The product of the first reaction stage is subsequently processed in the usual manner, such as, for 
40 example, extraction with an organic solvent washing the solvent layer with aqueous sdutions, evaporating 
tite solvent and purifying, e.g., over a silica gel column. 

The second reaction stage is the conversion of tiie RM^O or H-CO compound formed In tire first stage, 
this conversion is canled out as a Baeyer*Vilflger re-arrangement in which an aromatic aldehyde or ketone 
is reacted with a hydroperoxide, such as a peradd or hydrogen peroxide in add medium to produce a 
45 phenol-type compound. 

In tile reaction, an organic peradd In an organic solvent can be used. Preferably, however, tiie reaction 
is carried out using 3Q% hydrogen peroxide and an inorganic acid, as in titat case, ttiere is virtually no 
oxidation of any unprotected nitrogen atoms ttiat may be present in the molecule. 

If desirable for the solubility of reactants of the product, a watar-mlsdble organic solvent, such as 
50 metiianol. may be added, if desired. 

The reactiorv temperature is not particularly crftlcai; preferably, tiie reaction is canied out under reflux 
conditions. After completion of the reaction, the reaction product is refined and purified by known methods. 

Surprisingly, ttiere are hardly any side reactions in this second stage, such for example as tiie oxidation 
of metiiyl groups or the oxidation of tiie aldehyde to fonm a carboxylic acid. 
55 After tiie introduction of an OH group ktto tiie molecule in tiie above manner, other substituents may be 
. introduced or Oor N-derivatives be prepared, ag. sugar residues may be attached to one or more of 
the side groups as desired. Also, one or more of tiie side groups may be converted into a different group, 
or a quatsmized derivative can be prepared. 
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ThuSp for example, for better soiubiiity, a sugar group may be attached to the molecule by converting 
one of the methyl groups into a CH2-(CHR^n-0H group. In which n is 0 or 1, and represents hydrogen, 
alkyi or aryl» artd coupling a sugar residue to this in a manner known per se. 

For this purpose* for example, the hydroxylated compound, preferably a compound having formula 15. 
if necessary after protecting the hydrQxyl group with a base, is converted into it anion, which is next reacted 
with a compound having formula R^CHO, in which is hydrogen, alkyl, or aryl, such as phenyl. A suitable 
compound is, for example, paraformaldehyde. 

Preferably, a compound is formed having the formula 



(16A) 

R CH3 



in which Z represents hydrogen or a protective group. Thereafter, the compound is reacted with a sugar, 
possibly activatBd in one position and for the rest protected. Suitable sugars are all known sugar residues^ 
20 both mono-and oligosaccharides. e.g.. glucose, galactose, maltose, etc. Thereafter the protective groups are 
removed. 

Rnally. the compounds formed may be converted Into their quatemlzed salts, which makes them less 
sensitive to oxkJation and better soluble. These salts are prepared in known manner. 

The invention is Illustrated In and by tiie following example, which is given by way of Illustration only, 
25 and must not be construed as limiting tiie invention in any way. 



Example 

30 A. Formylation of 9*metiiylellipticlne. 

6 g aluminium chloride (45 mmoles) was added to 225 ml dry dichlorometiiane undiar nitrogen, and the 
suspensfon was stirred at room temperature for 10 minutes. To the suspension, 5.85 g 6-metiiyleilipticine 
(22.5 mmoles) was supplied, the mixture was stirred at room temperature for 10 minutes, and then cooled 
55 to 0*C. Subsequentiy, 4 ml dichlorometiiylmettiylettier (45 mmoles) in 80 ml dry dichlorometiiane was 
added dropwise to the aluminum chloride suspension over 1.5 hours, and tiie mixture was stirred at 0"C for 
anotiier 1.5 hours. 

Thereafter the reaction mixture was poured into a soivent mixture of water (1.1 1) and chloroform (600 
ml) and to this mixture NaaCOs was added until a pH of about 8 was reached. The organic layer was 

40 separated and tiie water layer was twice extracted w'rth chloroform. 

The combined chloroform layers were washed with 200 ml saturated Na2CQ3 solution and 200 ml 
saturated NaCI solution. After drying the chlorofonn solution on anhydrous Na2S04 and evaporating the 
solvent; the product was obtained as a foam. This was stirred with 100 ml ethylacetate to gWe a crystalline 
product, which was separated by fittralion. From tiie filtrate, anotiier 0.6 g material was obtained. Total yield 

46 was 5.95 g (91% of tiieory), tiie melting point was 215"C. Furtiier purification by means of column 
chromatography (silica gel, eluent CH30H/CH2CI2 4:100) gave tiie pure product having a melting point of 
2^226*'C. Analysis gave the fblfowing r^ults: 

IR (CHCb: 1677. 1590 cm'^ PMR (CDC%): 5 10.07 (s, 1H, -qiO), 9.64 (s, 1H, H-1), 8.66 (d. 1H, J8.io» 1.2. 
H-10), a52 (d, 1H J8.4'=5.9, H-S), 8.03 (dd. 1H,i8.io * 1^. J7.7= 8-5. H-8). 7.85 (d, 1H. J3,4= 6.2. H-4), 7.37 
50 (d. 1H, J7.B ' 8.5. H-7), 4.06 (s, 3H, N-Me), 3.14. 2.96 (2xs, 6H. 5*Me 11-Me). 



B. FbrnnaSon of 6-mettiyl-9-hydrQxyelllpticine. 

55 4.23 g eHmetiiyl-9^fi3rmylelHpticfn& (tS mmoles) was suspended in a mixture of 150 ml water and 150 
mt methanol. To this rrrixlure» 2.25 ml 9S% H2SO4, followed by 3.75 ml 35% hydrogen peroxide solution 
were added wttfa stinring. The Eesulting mixture was tiieri refluxed for 22 hours, an additional portion of 
hydrogen perodde was added (2 ml) and after cooling tiie mixture was poured into 200 ml water. 

6 
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The red precipitate which separated in this stage was stirred with 200 ml CHCb for 0.5 hour, whereafter 
100 mi methanol was added and - dropwise -a solution of 90 g Na Ac. 3H2O in 100 ml water. 1 I.CHCI3, 100 
ml methanol and 500 ml water were added, the mixture was shaken, and the organic layer was separated, 
washed with 200 ml saturated NaCt solution and dried over Na2804. The solvent was removed by 
5 evaporation; 100 ml ethyl acetate was added to the residue, and the mixture was stirred, whereafter 3.34 g 
product was obtained. The filtrate produced another 0.51 g of material. The total yield was 3.85 g (83% of 
theory), with .the melting point being > 350*^0. 
Analysis gave the following results: 
. IR (KBr): 1590. 1390, 1475 cm*^- PMR (DMSO-de): 9.76 (s, 1H, h-1), 9.49 (s. 1H, OH). 8.39 (d.1H, J3.4 = 
70 6.4, H-3) 8.25 (d. 1H. J3.4= 6.4. H-4) 7.80 (d, 1H, J8.10 = 2. H-10). 7.52 (d. 1H. J7.8 » 8.8, H-7). 7.6 (dd, 1H. 
J7.8 = 8A Je.io « 2. H-8), 4.11 (s. 3H, NCH^. 3.14 (s. 3H. 11-CHs). 3.00 (s. 3H. 5-CH3)- 



Claims 

1. A process for preparing compounds containing the ring system according to Ibnmula 1 : 



20 




25 wherein X represents NR, O or S; 

R represents H. aikyi, benzyl, phenyl, benzhydryl, SQ2R\ COR\ COOR^; 
Ri represents alkyi, benzyl, phenyl, benzhydryl; 

which compounds may contain substltuents such as alkyI groups, halogen atoms, nrtro groups. suHonyl 
groups, ester groups, and sugar residues; and, if desired, may contain a ring system extended by one or 
30 more further rings, such as compounds containing the ring system according to fonmulae 2-5: 




(4) (5) 

In which Ra may have the same meanings as R, and. If desired, quatemized salts thereof, which comprises 
^ converting a conresponding compound containing the ring system of formula 6 



7 
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into a compound containing the ring system of formula 7 




in wliich represents hydrogen or ailcyl; 

converting the R^-CO group into an OH group, and if desired providing the resulting compound with certain 
substituents and/or. If desired, converting it into a quatemized salt 

2. A process as claimed in claim 1 , preparing a compound having fbmiula 8: 




in which R represents H, allcyl, benzyl, phenyl, benzhydryl. SOzHK COn\ COOR^; 
R^ represents alkyi, benzyl, phenyl, benzhydryl; 

R* represents hydrogen. alkyU benzyl, phenyl, benzhydryl. the group CHR^^CHR^n-A; 
R? represents hydrogen, alkyl. benzyl, phenyl, benzhydryl, the group CHR^MCHRVA: 

represwits hydrogen or, if R^ represents hydrogen, may alternatively represent alkyl, benzyl, phenyl, 
benzhydryl. the group CHR^<4CHl¥)ii-A; and wherein n is 0 or 1; R^ represents hydrogen, alkyl or aryl: 
Rio represents hydrogen, alkyl, aryl or a possibly derivatized hydroxymethyi group; A represents a possibly 
substituted hydroxyl or amino group, such as a sugar group or an N(CHrCH2Ci)2 group, and in which the 
various groups may canv further substituents, such as alkyl groups, halogen atoms, nitro groups, suifonyt 
groups; estar groups* and sugar residues, by converting a conrespondfang compound having fbrmula 9: 




In which R represents H, alkyl, benzyl, phenyl, benzhydryl, SCkSW 0OR\ COOR^; 
W represents alkyi. benzyl, benzyl, phenyl, benzhydryl; 
R^ represents hydrogen, alkyl, benzyl, phenyl, benzhydryl; 

represents hydrogen, alkyl. benzyl, phenyl, benzhydryl; 
R^ represents hydrogen, or, if # repreronts hydrogen, may also represent alkyl. benzyl, phenyl, benz- 
hydryl; 

and in which the various groups may carry further substituents, such as alkyl groups, halogen atoms, nitro 
groups, suifonyl groups, ester groups; 
Into a compound having fbrmula 10: 




(10) 
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in which R. R*. PP and Pfi have the meanings specified above, and represents hydrogen or alkyi; 
converting this compound having formula 10 into a compound having formula 8, in which R, R', R^ and R^ 
have the above meanings; 

If desired coupling a sugar residue to one or more of the side groups present; and/or converting one or 
5 more of the side groups present into another side group; and/or forming a quatemized salt 

3. A process as claimed in claim 1 for preparing an ellipticine derivative having formula 11 



10 



IB 



25 



30 



35 



R5 

^N'V^ (11) 
R CH3 



in which R represents hydrogen or methyl; 

represents methyl or the group CHR^'i-(CHR^n -A; 
n is 0 or 1; R^ represents hydrogen, alkyt or aryl; 

represents hydrogen, alkyI, aryi or a possibly derivaSzed hydroxymetfiyl group; A represents a possibly 
20 substituted hydroxyl or amino group, such as sugar group or an N(CHrCH2CI)2 group by converting a 
conresponding compound having formula 12: 



CH3 



In which R represents hydrogen, alkyl, benzyl, phenyl, benzhydryt, S0^\ COR\ COOR\ and 
Ri represents alkyi, benzyl, phenyl, benzhydryl; 
Into a compound having fbmnula 13: 



0 CH3 (13) 



In which R has the above meanings and R^ represents hydrogen or alkyi; 

converting this compound having fonmula 13 into a compound having fbnnula 11, In which R has the above 
^ meanings and PP represents methyl or CHR^'HCHRV-A, wherein n Is 0 or 1: R» represents hydrogen, alkyi or 
aryi; R^^ represents hydrogen, alkyi, aryl or a possibly derivatlzed hydroxymethyl group; A represents a 
possible substituted hydroxyl or amino group, such as a sugar group or an N(CHrCH2CI)2) group: 
if desired removing group R if it does not represent hydrogen, or, if it is not a methyl group, converting it 
into a metfiyi group. 

^ 4. A process as claimed in any of claims 1-3, In which the first reaction stage comprises the 
introduction of a formyl group (R^ = hydrogen). 

5. A process as claimed In claim 4» wherein the formyl group is Introduced by means of a Friedel and 
Crafts fomnylatfon reaction and a subsequentliydrolysis stage. 

6. A process as claimed in claim 5, which comprises using as the fbrmylation agent a compound having 
® formula 14: 

HabCH-0-R7 (14) 

in whtoh lial represents a halogen, such as chlorine or bromine, and R^ represents alkyi, benzyl or 
benzhydryl. 



9 
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7. A process as claimed in claim 6, In which the fbmiyJation agent used is CI2CH-O-CH3. 

a A process as claimed In any of claims 5-7, wherein the Friedei and Crafts catalyst used is AlCb. 

9. A process as claimed In any of claims 5-8, in which the formylation reaction is carried out in an 
organic solvent while excluding water and at a temperature of between -aO"* and -i-30'*C. 
5 10. A process as claimed in claim 9, in which the reaction is carried out in dichloromethane at a 
temperature of 0-25'C. 

11. A process as claimed in claim 4. wherein the fonmyl group is introduced by means of a Vilsmeyer 
reaction. 

12. A process as claimed in claim 11 Jn which the conversion is carried out with a compound having 
10 the formula HCON(R^. in which represents alkyl* in the presence of POCI3. 

13. A process as claimed in claim 11 or 12, in which dimethylformamide is used as the solvent. 

14. A process as claimed in any of claims 1-13, in which the second reaction stage is a Baeyer-Villiger 
re-arrangement 

15. A process as claimed in claim 14. in which the Baeyer-Villiger re-erran^nent is carried out with a 
IS hydroperoxide, such as hydrogen peroxide or a percarboxylic add. In an acid mecfium. 

16. A process as claimed in claim 14 or 15. In which the Baeyer-Villiger re-arrangement Is canied out 
with H2Q2 in an aqueous, acidic medium. 

17. A process as claimed In any of claims 14-16, in which the Baeyer-Villiger re-arrangement is canied 
out at a temperature between 0*'C and the boiling point of the reaction mixture. 

20 18. A pmcess as claimed in any of claims 1-17, in which a sugar residue is attached to the 
hydroxylated compound by first converting a methyl substiluent that is present into a CH2-(CHf^„-0H 
groupr Jn which n - 0 or 1 and represents hydrogen, alkyi or aryt. and coupling a sugar residue thereto 
in a manner known per se. 

19. A process as claimed in claim 18. in which a compound having formula 15: 



25 



30 



CH3 

HO.p^>V-VV^ (15) 




R CH3 



in which R represents hydrogen or methyl, Is converted by means of a base and formaldehyde into a 
35 compound having formula 1 6: 



CH2CH2OH 



40 ^ .. >. ^ ^ 

--[(..'ysif (16) 
R CH3 

^ and that compound is reacted with a sugar, such as glucose, galactose, maltose, and the like, in which, if 
desired, one or more hydroxyl groups are activated or protected. 

20. A process as claimed In any of claims 1-19. in which a compound having formula 15 is quatemized ^ 
to produce a compound having formula 17: ^ 



so 



R CH3 



in which R represents hydrogen or methyl and D* represents an anion, such as acetate. Iodide, and the like. 
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